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ABSTRACT 

This paper describes a series of studies 
investigating the effects of memory reactivation in early infancy, 
Twelve-weeJc-old infants were taught a footkick response by having one 
leg tied to an overhead crib mobile so that each footkick produced 
movement of the mobile (reinf orcer) • Retention of the footkick 
response was assessed after 6, 8, and 1^* days and rates of forgetting 
were determined. The effects of memory reactivation in counteracting 
the forgetting were then examined. Reactivation consisted of placing 
the infants under the mobile without attaching the ribbon to their 
leg, so that they could be exposed for 3 minutes to the reinforcer 
(movement of the mobile) independent of their response (footkick) • 
Results showed that this reactivation was sufficient to bring the 
level of footkicks back to its level on the original retention test 
immediately following initial training. Further results showed that 
the effects of reactivation were greatest at 2U hours after 
reactivation. Thereafter, forgetting was shown to occur at about the 
same rate as the forgetting of the initial learning. Further 
investigation showing that reactivation was facilitated by periods of 
sleep was interpreted as suggesting that infant memory is more 
accessible for reminiscence during periods of minimal interference. 
(Author/JMB) 
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^^^n^ conditioning studies of infant memory have begmi to radically alter 
ou< ^^^^^jit thinking regarding the memorial abilities^of young infants, 
Th^^^ ^Ci^jitioning procedures have been loodelled after designs used in animal 
jneU>^^^ ^.^.ce^^^h in which an organism is conditioned to perform a specific respons 
in ^ ^^^^lA^tive setting and is then returned to that setting at some future 
poi^^ t^itne to see if the response will still be produced, 

gjc^mple, a rat can be trained to avoid a shock in one side of an 
apI^^^^^U^ \>y hurdling into an adjacent compartment when a tone is presented. 
At ^ ^^^^r ^^^^9 retention is assessed by putting the rat back into the 

apparatus and sounding the tone. Either the animal makes the 
^-pf^^^^X^ie avoidance response or he does not! As a paradigm for studying memory 
wh0 simpler or more straightforward? As Bruner has said, The most 

imj^^^^^t^^ tWng about memory is not storage of past experience, but rather 
th^ ^^^^gV^l.of what is relevant in some usable form, 

^ ^\\^ procedure, we teach the infant a specific response, a footkick, 
in ^ ^^^iA^tive setting and then return the infant to that setting at a later 
poi^^ t^iine to see if the footkick response will once more be produced at a 



leV^ ^^te^t^^ than that observed prior to training. 



^ procedure, the infant's leg is attached to an overhead crib mobile 

by i a ribbon. As you can see in this slide, two mobile stands are 
af^^^^^ tppposite sides of the infant's crib. When the mobile is suspended 

£r£7^ gt^nd to which the ribbon is attached, each footkick will move the 

jnol?^^^^ J v^ish to emphasize here at the outset that it is the movement of the 
taoV^^ AOt simply its presence that is the reinforcer here. When the mobile 

is fro^ the stanc3 to which no ribbon is attached, it remains in view 

but^ ^^\^gpc:>nsive- This nonreinforcement period is given at the outset and 



co^^^^^^5,^li o£ each training session. 
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SLIDE 2 

This slide is a schematic of our retention paradigm. It involves two training 
sessions, each separated by 24 hours, and a temporally distant third session. 
The interval between Sessions 2 and 3 varies and defines the retention interval. 
Pretraining rates of footkicking are assessed during the first three minutes of 
Session 1 when the mobile is nonmoving. This is labelled "operant- level" on the 
slide. In the last three minutes of each session, the mobile is again noramoving 
and we assess the immediate effects of training, hence the name "immediate test." 
Although this is an extinction period, complete extinction does not occur in the 
three available minutes. 

The diagonal lines indicate the comparisons of interest. At the outset of 
each succeeding session, we have a procedurally identical long-term test with 
the nonmoving mobile. Performance here is assessed in relation to terminal 
performance during the immediate test of the preceeding session. Changes in 
performance between these two retention tests is taken as an index of forgetting. 
One way to do this is to compute what we call a retention ratio. In this ratio, 
the infant's long-term performance at the outset of Session 3 is divided by his or 
her immediate performance at the conclusion of Session 2. Ratios of one indicate 
no forgetting, in other words, the same number of foo^tkicks were produced during 
the immediate and long-term retention tests. Ratios of less than one indicate 
fractional loss. Ratios' of .3 to A typically reflect a footkick rate that has 
returned to that exhibited prior to the infant's first contingency experience 
(Day-1 operant level) . 

Using this paradigm with 12-week-old infants, we have obtained retention ratios 
on the order of .8-1.0 after retention intervals as long as 6 days, of .5 after 8 
days, and of .4 after 14 days. 
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Given that infants forget, we next sought to determine if their forgetting 
could be alleviated. Animal memory researchers, most notably Spear and 
Campbell, have found that by providing animals with a portion of the original 
learning context, they could return long-term retention test performance to 
pre-forgetting levels. 

Take, for example, the rat who has learned to hurdle to the "safe" side of 
an apparatus when a tone is sounded to avoid shock. Eventually, rats forget 
this, in other words, when placed in the apparatus after some time period they 
do nothing when the tone is sounded. If, however, the rat is given a single 
shock 24 hours prior to the retention test, the rat successfully makes the 
avoidance response upon hearing the tone the next day. 

Spear has labelled the presentation of the single shock a reactivation 
treatment. In his view, memory is a collection of attributes each of which 
represents a characteristic of an event which the organism noticed. The function 
of the reactivation treatment is to literally prime or recyr these memory 
attributes making them more accessible to retrieval. 

Our reactivation treatment was modelled after that used with animals. 
We dsked whether it would be possible to alleviate forgetting in infants after 
forgetting had occurred but prior to the long-term retention test. Like Spear, 
we chose 'to administer a brief reexposure to the reinforcer as the reminder. 
Once again, in our paradigm the reinforcer is the moving mobile. 
SLIDE 3 

In our reactivation treatment, the infant is placed in his or her crib 
under the moving mobile for three minutes. The ribbon is not attached to the 
infant's ankle but is drawn and released by the experimenter who is hidden from 
view. Because of varying individual response rates, movement of the mobile is 
adjusted to match each infant's own.response rate at the end of training. Finally, 
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j^^gure ^^^^ \^ leairni^S ^oc adventitiously occur, infants are placed in 

Infant ^e(^i®*^'^^^^'^es their weight such that footkicks are minimized. 



to 
an 



SLIDE . 

^is ^^^^""^ 5.iiusCirat^^® average retention ratios of independent groups of 
three-'»°"'^^'°"'"'^ l^tantS t^^sted j-etetition at various intervals following either 
origiii^^ ^"^^^^^ or a r^^^*^^^^*^i'on treatment administered 13 days following training. 
There ^^""^^ Ixavort^^^ ^bout these data. 

^irst> thaC J^^^'^^^^atipji works with infants. In other words, 24 hours 

after ^""^^^ ^^ee^po^^^^ moving mobile, performance is at a level 

equtv^i--"'^ 'S'^-^^^t it v^a^ 2 we^ks ^^.^^er. 

gecoli^' ^^^^ Cot^'^®® the forgetting of both the original and reactivated 

meinori^^ ^^^lar. ^o^'^ ^^"^^^^es show a gradual decline over days and responding 
eventa^ll^' to pr^«^i^ing i^^^is. 

,ftjir<i' fojTg^*^^^^^ function is' perfectly linear decreasing. Both 

metnori^^ evide^^^ reminiscence, that is, better performance after 

long than ^^^^"^ 5^ort j:e<^®^'^^°'^ intervals. In other words, we see a retention ratio, 
great^'^ ^^^^ 2 day^ /oll°wiiig original training and 3 days following reactivation. 

gtudy ^^^^ ^ ^^^x present to you today further investigated this 
remitii^'^®^'^^ ^^^^omenoA ^'^^ reactivated memory by itesting infants for retention 
of tb^ respo^^^ intervals less than 24 hours following reactivation, 

p^g^^^tab^l-y' ^^ti^jjcion'-t^^*^ ^^^fonuance should be poor immediately following the 
^^er ^^^uid giad*^^^-'-^ ii^Prove over a 24~hour postreactivation interval. 

t^^^ ^'^^^y, four S^^^Ps Of 12-week-old infants were trained for two days and 
_ yed the 3^^^^^^ reaCt;^-^^^^"^ treatment 13 days following training. The third 
,r ret^"*"^"" ^^^Sion was ^'^'"^'^istered 1, 8, or 24 hours later. For purposes 
f coi^P^'^^^""' ^Vo addit^"^^""" S^oups of infants received two days of training and were 
tested ^"'^ ''^^Vion witt^"^^ ^^aQ^ivation 13 or 14 days later. I wish to reemphasize 
13 d^y^ ^QJ. f^^ai"^^§ is «hpn the other groups received their reactivation 
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SLIDE 5 

Here you see our results expressed in terms of the average retention ratio 
as a function of the time since reactivation. For illustrative purposes, the 
72 hour point from the previous study has been included. Notice that retention 
following the reactivation treatment is, as predicted, a linear increasing function 
of the time since the reactivation treatment. Specifically, infants tested 24 hours 
. after the reactivation treatment performed at a level equivalent to that observed 
during the immediate retention test two weeks earlier, while those tested just 15 
minutes or 1 hour after reactivation still evidenced complete forgetting. Infants 
tested 8 hours after the reactivation treatment fell somewhere in between retention 
and forgetting. Examination of the individual data for this group revealed that 
some 8-hour infants were evidencing excellent retention while others were 
evidencing excellent forgetting. 

We had asked the mothers of these 8-hour Infants to keep a record of the amount 
of time that her infant slept between the reactivation treatment and the retention 
test. Remarkably, the resulting correlation between the retention rafio and the 
amount of sleep was .75 (£ <.001). 

One possible explanation for the poor performance shortly after reactivation 

is that the reactivation treatment, though similar to training, is not identical. 

i 

Specifically, we were concerned with the fact that during reactivation, infants 
were placed in their infant seats. Perhaps the change in context could account 
for the ineffectiveness of the reactivation treatment 15 minutes or an hour later. 
In other words, it seemed reasonable to assume that' the contextual differences 
between training and reactivation became progressively less important. 

In a second study, therefore, we trained two groups of infants for two days 
and administered a reactivation treatment 13 days later. Here, however, the infants 
were not placed in their infant seats but were supine in their cribs as they had been 
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during training. All other aspects of the reactivation treatment were as before. 
These infants were then tested for retentica of the contingency 1 or 24 hours later. 
The obtained retention ratios were equivalent to those obtained in the first 
study. The average retention ratio after one hour was only .38 but after 24 hours 
it was .78 it (14) = 2.47, £ ^.05). 

In conclusion, these data suggest that the recruitment of the sufficient number 
or kind of stored memory attributes necessary to reactivate the target memory attributes 
is a time-locked process. Even if the cues noticed during the reactivation treatment 
are identical to those present when the memory was originally acquired, they are 
insufficient for the behavioral expression of the memory. In other words, the 
reactivation process takes time. 

We suspect that the noticed attributes continue to be active after the 
reactivation treatment has ended and may continue to recruit more and more 
attributes. Whether this phenomenon is a threshold one and discontinuous, 
or a progressive continuous function of the number of aroused attributes^ 
remains to be seen. That this recruitment process is facilitated by sleep 
suggests that the rate at which various attributes once more become accessible 
increases during periods of minimal interference. 
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